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COMPLETE SPECIFICATION 
Improvements relating to the Polymerisation of Vinyl Compounds 



We, The Peumtttit Comfai*y Limited, 
a British Company, of Permutit House, 
Gunnersbury Avenue, London, W.4, do 
hereby declare the invention, for which 

I we pray that a patent may be granted to 
us-, and the method by which it is to be 
performed, to be particularly described in 
and by the following statement : — 

It is known that vinyl compounds can 

10 be polymerised by dispersing the mono- 
mer through a second phase, generally 
water, and subjecting the mixture to the 
influence of heat in the presence of a 
catalyst, which is generally dissolved in 

16 the monomer. The monomer is agitated 
during the polymerisation and forms glo- 
bules which polymerise to solid spheres. 
As the polymerisation proceeds the 
globules become increasingly viscous and 

20 as they collide with one another under 
the influence of agitation they tend to 
coalesce. This can be prevented by intro- 
ducing into the system a stabilising sub- 
stance which forms a protective coating 

35 round the globules. Various substances, 
both organic and inorganic and including 
various phosphates, have been proposed 
as stabilisers. It has been found that so 
much stabiliser has been necessary as to 

80 make it difficult to remove the stabiliser 
from the finished polymer beads. It is 
therefor desirable to find improved stabi- 
lisers. 

According to this invention one or more 

36 basic pyrophosphates of calcium, mag- 
nesium* zinc, cobalt, nickel, mercury 
(mercuric), manganese, copper (cupric), 
aluminium and iron (ferric) is or are used 
as a stabiliser. These basic pyrophos- 

40 phates contain a proportion of metal in 
excess of the amount in the correspond- 
ing simple pyrophosphates. For instance, 
calcium pyrophosphate has the formula 
Ca 8 P a 0 7 whereas the basic calcium pyro- 

45 phosphate has the approximate composi- 



tion 3Ca 2 P 2 0 7 .2Ca(OH) 2 , the molar ratio 
of CaO :P 2 6 5 being 2.7:1. In general the 
compositions of the various basic pyro- 
phosphates differ according to % the parti- 
cular metal, but the molar ratio of metal 50 
oxide; P 2 0 5 is always less than 3.0:1. 
For the bivalent metals the ratio is 
between 2.7:1 and 3.0:1 while for the 
tervalent metals aluminium and iron the 
ratio is between 0.8 : 1 and 1.0 : 1. . 6& 

During the polymerisation reaction 
acidic oxidation products may be formed 
and tend to decompose the basic pyro- 
phosphate. In any case, it is essential 
that the pn of the mixture is at or above 60 
7, and accordingly adjustment of the pn 
must be made if necessary. In general, 
the p& should not exceed 10. 

The basic pyrophosphates named above 
are insoluble in water and tend to collect 65 
at the surface of the monomer globules, 
thus forming a sort of cushion, so that 
when two globules collide under the 
influence of the stirring thev do not 
coalesce as two plain droplets would do, 70 
but bounce apart and still retain their 
spherical form. Although almost all the 
heavy metal pyrophosphates are insoluble 
in water it is only those named which 
give a satisfactory stabilising effect. 75 
Others are so dense that even under the 
influence of stirring they tend to fall to 
the bottom of the vessel, an example of 
this being barium pyrophosphate, while 
vet others fail for no apparent reason at 80 
all. 

The basic pyrophosphate may be pre- 
pared in solution and then filtered off and 
added, with or without drying, to the 
suspension polymerisation system, but it 85 
is much preferred to form the stabiliser 
in situ in the vessel in which the poly- 
merisation is to take place. 

The basic pyrophosphate may be pre- 
pared by mixing an aqueous solution of a 90 
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soluble, normal pyrophosphate and a sol- 
uble salt of the appropriate metal. An 
excess of the metal salt id required oyer 
that necessary to form the normal pyro- 

5 phosphate, and under these conditions the 
hydroxides of certain metals, namely 
aluminium, zinc, iron, cobalt, nickel, 
mercury, manganese and copper may also 
be . precipitated with the basic pyrophos- 

10 phate. To minimise this it is desirable 
to. add nc more than a 50% molar excess 
. of the soluble salt' of the metal over the 
amount required to make the. normal 
pyrophosphate. About 35%. excess is 

15 required to form the basic pyrophosphate 
itself., so that the excess in this case 
should be no more than 15%. The soluble 
nvroohosphate solution used in making 
the basic pyrophosphate should not he 

20 heated and. if the metal salt solution has 
been heated to hasten dissolution of the 
salt, it should be cooled before mixim? 
with the pyrophosphate solution. This is 
to prevent the formation of orthophos- 

25 pbate, which may occur at elevated tem- 
peratures. 

The process of this invention enables a 
high ratio of monomer to water to be used 
in the polymerisation system with very 

30 small quantities of the stabilizer. Thus 
monomer-water ratios as high as 1 : 1 can 
be used with an amount of stabiliser equal 
to 0.1% by weight of the system, all the 
monomer being' recovered as discrete and 

35 regular spheres of polymer." 

These stabilisers can be used for the 
suspension polymerisation of " various 
vinyl monomers, for example, styrene 
and methyl methacrylate. or mixtures of 

40 monomers, for example, styrene and di- 
vinyl benzene, styrene and ethylene di 
methacrylate, methyl methacrylate and 
di vinyl benzene, vinyl acetate and divinyl 
benzene. # . 

45 Some examples will now be given. 

Example 1 
2.4 grams of anhydrous sodium pyro- 
phosphate were dissolved at room tem- 
perature in 380 cc. of water while stir- 

50 ring mechanically. 2.8 grams of 
anhydrous calcium chloride were dis- 
solved in 20 cc. of water and added to the 
stirred pyrophosphate solution. The 2>H 
of the mixture was then adjusted to 10 

55 with dilute ammonia solution; A mix- 
ture of 200 cc. of styrene and 14 cc. of 
divinyl benzene concentrate (containing 
50% divinyl benzene) in which was dis- 
solved 1.0 gram of benzoyl peroxide; was 

60 added to the mixture whereupon the 
liquid mixture of monomers broke up into 
globules of approximately 1 mm. dia- 
meter. The whole was heated on a water 
bath to 75 — 80° C. and the stirring and 



heating were continued until hard 65 
spheres of the polymer were formed. 180 
grams of perfect spheres of a styrene- 
divinyl-benzene copolymer were obtained. 

Example 2 , - 

A solution of 6.0 gms. of hvdrated 70 
manganese chloride in 50 cc. of water was 
added to a stirred solution of 2.6 gnis. of 
anhydrous sodium pyrophosphate in 350 
cc, of water. Sufficient dilute ammonia 
solution was added to bring the r>H to 9. T§ 
To this suspension was added a mixture 
of 7 cc. of ethylene diamethacrylate and 
200 cc* of styrene in which 1.0 gm.of 
benzoyl peroxide was dissolved. The 
mixture was shaken -cautiously until the 80 
droplets were fcf the required siz* and 
then stirred slowly. The temperature was 
raised to 75—80° C. and the heating con- 
tinued until hard spheres of the polymer 
were formed. 

Example ft 

-$.5 -$m. of hydrated cobalt chloride 
were dissolved in 50 cc. of water. This 
solution was aded to a solution of 1-3 pm. 
anhydrous sodium pyrophosphate in 150 «U 
cc. of water. The was adjusted to 7.5 
with dilute sodium hydroxide solution. 
To this suspension was added a mixture 
of 2 cc of divinyl benzene concentrate 
(containing 50% divinyl benzene) and 98 » 
cc. of styrene in wbich 0.5 gm. of benzoyl 
peroxide had been dissolved. The mix- 
ture was warmed to 75-— 80° C. while stir- 
ring mechanically to produce droplets of 
the desired size. The temperature was 100 
kept in this range until hard beads were 
formed. These were washed free .of 
stabiliser with hot water and then kept in 
boiling water for two hours to complete 
the polymerization. The product was all 105 
in the form of * hard spheres of between 
0.27 and 1.08 mm. diameter. 

. What we claim is: — 

1. A process for the suspension poly- 
merisation of a vinyl compound in. wbir^ U0 
one or more basic pyrophosphates of cal- 
cium, mangesiutn, zinc, cobalt, nickel, 
mercury (mercuric) r manganese, copper 
(cupric), aluminium- and iron (ferric) is 

or are used as a stabiliser and the ps is U6 
maintained at or above 7 during, the 
polymerisation. 

2. A process according^ to claim 1 in 
which the stabiliser* is formed in situ in 
lie vessel in which the polymerisation 120 
takes place. . m 

3. A process according . to claim 2 in 
which the basic pyrophosphate is pre- 
pared by mixing an aqueous solution of a 
soluble, normal pyrophosphate and a 125 
soluble salt of the appropriate metal in 

. an amount in excess of that necessary to 
form the normal pyrophosphate. 
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4. A process according to claim 1 sub- For the AppUcantsi 

stantially as described with reference to GILL, JENNINGS & EVERY, 

anv of the examples herein. Chartered Patent Agents, 

51/52, Chancery Lane. London, W.C.2. 

PROVISIONAL SPECIFICATION 
Improvements relating to the Polymerisation of Vinyl Compounds 

We, The Pbbmtjtit Company Limited* influence of the stirring they do not 

6 a British Company, of Permutit House, coalesce as two plain droplets would do, 

Gunnersbury Avenue, London, W.4, do but bounce apart and still retain their 

hereby declare this invention to be des- spherical form. Although almost all the 

cribed in the following statement : — heavy metal pyrophosphates are insoluble 66 

It is known that vinyl compounds <*au in water it is only those named, which 

10 be polymerised by dispersing the mono- give a satisfactory stabilising effect, 

mer throughout a second phase, generally Others are so dense that even under the 

water, and subjecting the mixture to the influence of stirring they tend to fall to 

influence of heat in the presence of a the bottom of the vessel, an example of 70 

catalyst, which is generally dissolved in this being barium pyrophosphate while 

IB the monomer. The monomer is agitated yet others fail for no apparent reason at 

during the polymerisation and forms all. 

globules which polymerise to solid The basic pyrophosphate may be pre- 
spheres. As the polymerisation proceeds pared in solution and then filtered off and 75 
the globules become increasingly viscous added, with or without drying, to the 
20 and as they collide with one" another suspension polymerisation system, but it 
under the influence of agitation they tend is much preferred to form the stabiliser 
to coalesce. This can be prevented by in sitm in the vessel in which the poly- 
introducing into the system a stabilising merisation is to take place. The basic 80 
substance which forms a protective coat- pyrophosphate will form only at a pa. 
26 ing round the globules. Various sub- between 7 and 10, and accordingly 
stances, both organic and inorganic, have adjustment of the #h to bring it into this 
been proposed as stabilisers. It has been range must be made if necessary, 
found that relatively large quantities of The basic pyrophosphate may be pre- 85 
stabiliser have been necessary ; this makes pared by mixing an aqueous solution of a 
80 it difficult to remove the stabiliser from soluble normal pyrophosphate and a 
the finished polymer beads. It is there- soluble salt of the appropriate metal. An 
fore desirable that as small a quantity r.f excess of the metal salt is required over 
stabiliser as possible should be used. that necessary to form the normal pyro- 90 
According to this invention one or phosphate, and under these conditions the 
35 more basic pyrophosphates of calcium, hydroxides of certain metals, namely 
magnesium, zinc, cobalt, nickel, mercury aluminium, zinc, iron, cobalt, nickel, 
(mercuric, manganese, copper (cupric), mercury, manganese and copper may also 
aluminium and iron (ferric) is or are used be precipitated with the basic pyrophos- 95 
as a stabiliser. These basic pyrophos- phate. To mi nimi se this it is desirable 
40 phates contain a proportion of metal in to add no more than a 50% molar excess 
excess of the amount in the corresponding of the soluble salt of the metal over the 
simple pyrophosphates. For instance, amount required to make the normal 
calcium pvrophosphate has the formula pyrophosphate. About 35% excess is 100 
Ca J? 2 0 T whereas the basic calcium pyro- required to form the basic pyrophosphate 
45 phosphate has the approximate composi- itself, so that the excess in this case 
tion 3Ca„P„0 7 .2Ca(OH) 2 , the molar ratio should be no more than 15j&. The soluble 
of CaO:Pj0 5 being 2.7:1. In general pyrophosphate solution used in making 
the compositions of the various metal the basic pyrophosphate should not be 105 
pyrophosphates differ according to the heated and, if the metal salt solution has 
60 particular metal, but the molar ratio of been heated to hasten dissolution of the 
metal oxide : P*0& is always less than salt, it should he cooled before mixing 
3.0:1. For the bivalent metals the ratio with the pyrophosphate solution. This 
is between 2.7 : 1 and 3.0 : 1 while for the is to prevent the formation of orthophos- 110 
tervalent metals aluminium and iron the phate, which may occur at elevated 
56 ratio is between 0.8 : 1 and 1 .0 : 1 . temperatures. 

The basic pyrophosphates named above The process of this invention enables a 
are insoluble m water and tend to collect high ratio of monomer to water to be used 
at the surface of the monomer globules., in the polymerisation flystem with very 116 
thus forming a sort of cushion, so that small quantities of the stabiliser. Thus 
00 when two globules collide under the monomer water ratios as high as 1 : 1 can 
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be used with an amount of stabiliser 
. equal to 0.1%. by Weigh* & the Byptem, 
aD tie monomer being recovered as dis- 
crete and regular spheres of polymer. 
5 These stabilisers can be .used for the 
suspension polymerisation o{ various 
vinyl monomers, for example, styrene 
and methyl methacrylate! or mixtures of 
monomers for example, styrene and 
10 divinyl benzene, styrene and ethylene di 
methacrylate, methyl methacrylate and 
divinyl benzene, vinyl acetate and divinyl 
-benzene. 

. . An example will now be ffiven. 

16 2.4 grains of anhydrous sodium pyro- 
phosphate were dissolyed at room tem- 
perature . .in 380 cc. of -water while stir- 
ring mechanically. 23 grains of 
anhydrous calcium cMoriile were, dis- 
. 20 solved in 20 cc. of water and added to the 



stirred jpyrophosphate solution;- The pn 
^o£ til© "mixture was then adjusted to "10 
with! dilute ammonia solution, A mix- 
ture of 200 cc. of styrene and Ti cc. of 
divinyl benzene concentrate ^ (containing 25 
50% divinyl benzene) in which was dis- 
solved 1.0 gram of benzoyl peroxide, was 
added , to. the jmixture whereupon tbe 
liquid mixture of monomers brbfce up into 
globules of approximately 1 mm. ..dia- 30 
meter. The whole was heated on a water ; 
bath to 75— 60° C. and the stirring and 
heating 1 were continued until hard spheres 
of the polymer were formed. ISO. grams . 
of perfect? spheres of a styrene-divinyl- 86 
benzene copolymer were obtained. 
For the Applicants : 
GIEL, JENNINGS & EVERY; 
-Chartered Patent Agents, - 
. 51 fbZr Chancery Lane, 1/ondon, "W.0.2. 
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